In this work, we have synthesized carbon nanotubes (CNT) using different biohydrocarbon precursors namely palm, olive, coconut, corn and sesame oils. Prior to the synthesis process, thermogravimetric analysis (TGA) characterization was performed on the carbon precursors to facilitate the optimization procedures of CNT and reach maximum yield and higher quality CNT.
Introduction
Over the past decades, carbon nanotube (CNT) has shown great potential for application in the field such as field electron emission [1] , nanocomposite [2] , biosensor and energy storage [3] . This is due to its excellent electrical and mechanical properties, small radius of curvature at the tips and high thermal and chemical stability [4, 5] . Several methods have been reported for the synthesis of CNT which were arc discharge [6] , laser ablation [7] and chemical vapor deposition (CVD) [8, 9] methods. Among all, CVD is the most economical method and is easily scalable for mass production of CNT. Most of the CNT has been synthesized from precursors that were based on fossil fuel such as methane, acetylene, benzene and xylene. These precursors are diminishing in several decades time. Moreover, the cost of these raw materials is expected to increase in the future. Therefore, it is necessary to look for alternative precursors. Recently, the use of bio-hydrocarbon precursor such as camphor oil [10, 11] , turpentine oil [12] [13] [14] , eucalyptus oil [15] , palm oil [16] [17] [18] [19] , waste cooking palm oil [20] , neem oil [21] , castor oil [22] and coconut oil [23] have been reported. The main factors of utilizing plant based precursor as carbon source is its sustainable feature which acts as renewable and cheap raw materials for large-scale CNT production.
In this paper, we report the synthesis of the CNT from bio-hydrocarbon precursors namely palm, olive, coconut, corn, and sesame oils using thermal chemical vapor deposition (TCVD) method. The synthesis was done by catalytic decomposition of oil with the assistance of ferrocene catalyst. The vaporization temperatures of the oil samples were obtained from the thermogravimetric analysis (TGA). This temperature was important to simplify and facilitate the optimization procedures of CNT preparation.
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Experimental
A typical synthesis setup was carried out which was similar to previous reports [16, 17, 19, 24] .
Ferrocene of 5.33 wt% were mixed in bio-hydrocarbon precursor. The mixture was stirred for 30 min before 6 ml of them was loaded into the first furnace. Argon gas was later purged into the furnace for 10 min to flush out contaminants and to provide an inert atmosphere. Prior to the CNT synthesis, vaporization temperature of each oil was obtained from the TGA (Fig.1 ). The vaporization temperatures were ranging between 391.4 and 450.5 °C as tabulated in Table 1 . These were the setup temperature for the first furnace and the synthesis temperature in second furnace was fixed at 750 °C for 60 min. The as-grown CNT were characterized by field emission scanning electron microscope [25] [26] [27] [28] . In contrast to previous reports [23] , the CNT synthesized from coconut oil in this study has a better surface morphology and tube diameters which [23] were found to be in the range of 80.0-100.0 nm. However, a slight increase in CNT diameters (25.2-36.5 nm)
Results and Discussions
were obtained from sample produced using palm oil precursor as compared to the previous study [17] . This was due to the substrates stacking configuration approach which were applied in the previous study [17] . But in this study the samplse were deposited on open configuration substrates. The possible explanation for different surface morphology and diameter of the CNT produced can be related to the oil density. Among these bio-hydrocarbon precursors, the sesame oil has the highest density of 0.934 gcm -3 (Table 2) . Oil with high density requires high synthesis temperature for better
Nano Hybrids Vol. 2 51 pyrolysis process [29] . Due to fixed synthesis temperature at 750°C the higher density precursor may not completely pyrolyse, making the decomposition of the hydrocarbon vapor on the catalyst surface did not perform well. As a result, the tubes seemed to be low in quality, bigger in diameter and obviously blended with a-C and carbon particles. At the same time, from the highest mass which was loaded into the furnace by sesame oil, it was expected that higher carbon atoms were present during the synthesis process. This led to bigger CNT diameter as extra carbon atom may accumulate to form more walls on the CNT. Raman spectra of CNT synthesized with different precursors are shown on Fig. 3 (a) . Two major peaks; the G-peak (1591.1-1603.9 cm -1 ) for the graphite crystallinity and the D-peak for the graphite disorder (1359.0-1365.4 cm -1 ) were observed in all samples. The integrated intensity ratio of the D and G peaks was used as a parameter to evaluate the crystallinity of CNT. The lower I D /I G ratio corresponds for better quality tubes [30] . In this case, the CNT synthesized from coconut oil precursor showed the lowest I D /I G ratio (0.67) whereas the highest I D /I G ratio was obtained from sesame oil-CNT sample (0.87). The higher value of I D /I G ratio may be due to the presence of defect such as a-C, other carbon particles and low graphitization of the nanotube. The I D /I G values were found to be 0.81 for corn, 0.72 for olive and 0.81 for palm oil. From the previous reports, the I D /I G ratio for CNT synthesized from palm and coconut oil were around 0.52 [17] and 1.39 [23] respectively. This show that the CNT synthesized from coconut oil has a better crystallinity as demonstrated by lower I D /I G ratio. However, a slight increase in I D /I G ratio for palm oil-CNT sample demonstrated a deterioration of CNT crystallinity produced in the current study.
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Nonetheless, it was interesting to note that the frequency radial breathing mode (RBM) peaks were detected for the CNT samples synthesized using palm, olive, coconut and corn oils, indicating the presence of single-walled CNT (SWCNT) in the samples (Fig. 3 (b) ). However, the RBM peak intensity varies with oils precursor. The significant RBM peaks were detected for the CNT prepared from coconut oil, whereas faint peaks were detected for the CNT synthesized using corn oil. Fig. 3 (c) shows the typical micro-Raman spectra for the reproduction of CNT synthesized from bio-hydrocarbon precursors.
Nano Hybrids Vol. 2 Table 3 . Raman and RBM peak position, G & D intensity ratios and SWCNT diameter for biohydrocarbon precursors. Fig. 4 (a) and (b) shows the TGA and differential thermogravimetric (DTG) graphs for the asgrown CNT from bio-hydrocarbon precursors. It was found that a small amount of weight loss (~1.0%) at the temperature of 219.21 to 233.57 °C occurred mainly due to the presence of unreacted hydrocarbon in the CNT samples. The hydrocarbon content was not seen in the case of CNT prepared using olive and coconut oil precursors. In the temperature range of 400 to 550 °C, a small weight loss was observed which was due to the decomposition of a-C that contributed around 3.76- 
Conclusions
To conclude, we have successfully prepared CNT using palm, coconut, olive, corn and sesame oils and the quality of CNT produced were comparable to the CNT prepared from conventional precursor. The CNT synthesized from coconut oil shows the best surface morphology and crystallinity deduced from lowest I D /I G of 0.67. The sample also demonstrated the highest purity of 81.95 %. The presence of Fe particles in the nanotubes was evidenced by EDX spectrum and TGA analysis. In terms of diameter, the sample with smallest diameter was detected in palm oil-CNT sample. The difference in precursor's density may be the factor attributed to different morphology and diameter obtained. By controlling the synthesis parameter particularly synthesis temperature it will possibly increase the quality and purity of the CNT produced.
Nano Hybrids Vol. 2 59

